Introduction
Oceanographic processes in the shallow continental shelf and coastal regions have a major impact on human life, since a large fraction of human population lives within 100 km of the shoreline (Halpern et al., 2008) . At the same time, the processes occurring in these regions are difficult to analyze and disentangle, because of their intrinsic complexity, the variability of temporal and spatial scales, their multidisciplinary nature, and the influence of offshore boundary conditions (Dickey, 2003; Mitchell et al., 2015) .
To improve our knowledge of processes typical of these regions, there is a strong need for an integrated approach, combining numerical coupled systems (of ocean, atmosphere, waves, biology, and sediments) at selected scales (Carniel et al., 2016a) , validated with data resulting from either distributed coastal observatories or remote sensing approaches (point-wise data from multivariable buoys, high-frequency radar images, satellite images, drifters, AUVs, gliders, etc.). This scientific challenge has to take into consideration a wide range of processes involving tides, resuspension, stratification, mixing, land boundaries, surrounding land use, river discharges, distributed run off, pollutants from densely populated areas, etc. (e.g., Mitchell et al., 2015 and references there in).
All these aspects are even more relevant nowadays, in a framework of changing climate (Collins et al., 2012) . Shallow coastal and transitional areas, wetlands and lagoons, coastal cities, and valuable infrastructures are being threatened by potential impact of climate-change-induced hazards, such as inundation of low-lying areas, exposure to accelerated sea-level rise, and increased rates of coastal erosion. At the same time, these are also the regions where it may be feasible to harvest renewable energy economically, or where state-of-the-art prototypes can be more readily deployed for specific studies.
To improve understanding of shelf processes and to identify key parameters that allow detection and monitoring of likely changes, we invited investigators to contribute original research articles, resulting in the special issue "Oceanographic processes on the continental shelf: observations and modeling".
In Table 1 , we summarize how the papers in this special issue have addressed some of the specific aspects that characterize shelf sea process studies as a sort of fil rouge: the spatial scale of the processes investigated (regional, mesoand sub-mesoscale, and fine scale); the need to address them using different measurements (in situ, remote sensing, physical or biogeochemical parameters); how and when numerical models can integrate existing data (representing only specific processes like hydrodynamics or waves, or presenting a "coupled" approach); and the length or timescale of the events described (single event, short period, seasonal, yearly, etc.). Readers can therefore identify the most significant characteristics of each paper with respect to these key aspects. Table 1 . Summary of some specific aspects that characterize the study of shelf processes: the spatial scale of the processes investigated, the timescale of the events described, the need to address them using different measurements, and numerical models typology. Readers can therefore identify the most significant characteristics of each paper with respect to these key aspects. Lynch et al, 2014) . However, as they are relatively scarce and sparse, they do not often provide sufficient spatial coverage to observe extreme events (Dickey et al., 2003) . Brando et al. (2015, this special issue) examine how they can be integrated with high-resolution satellite observations and into coastal numerical model outputs. Namely, sea surface temperature (SST) and turbidity (T ) maps derived from Landsat 8 imagery at 30 m resolution were used to characterize river plumes in the northern Adriatic Sea during a significant flood event in November 2014. Circulation patterns and sea surface salinity (SSS) from an operational coupled ocean-wave model supported the interpretation of the plumes' interaction with the receiving waters. A good agreement was found between SSS, T , and SST fields at the sub-mesoscale and mesoscale delineation of the major river plumes, enabling also the description of smaller plume structures, such as the different plumes' reflectance spectra related to the lithological fingerprint of the sediments in the rivercatchment basins.
Papers
Most of the coastal measurements and data available in coastal regions rely on state-of-the-art measurements such as CTD (conductivity, temperature, and depth) or ADCPs (acoustic current doppler profilers), which nowadays constitute the benchmark for improving our understanding and assessing numerical models. However, relatively uncommon, but very useful, data exploring the small scale are becoming more available (Thorpe, 2005; Carniel et al., 2012) . As an example, Falcieri et al. (2016, this special issue) present the very first turbulence observations in the Gulf of Trieste (northern Adriatic Sea), acquired during different water column stratifications. Almost 500 microstructure profiles allowed the demonstration that, during the 2014 winter, the water column in the gulf was not completely mixed, due to the influence of bottom water intruding from the open sea. One type of water intrusion comes from the northern coast of the Adriatic Sea (i.e., cooler, fresher, and more turbid water), which acted as a barrier to wind-driven turbulence. A different water mass, coming from the open sea in front of the Po Delta (i.e., warmer, saltier, less turbid, and with a smaller vertical density gradient) was not able to suppress downward penetration of turbulence from the surface. Sea-truth data can then be used directly in order to validate modeling tools implemented to describe shelf sea processes in coastal regions (Usui et al., 2015) ; given the fact that there are several existing typologies of such numerical models, in each case the use of the most appropriate one is required. Bricheno et al. (2014) show the importance of resolving the appropriate spatial scales and using suitable metrics to compare models and data in the nearshore zone. McKiver et al. (2016, this special issue) compare the ability of a finitedifference (SHYFEM, shallow water hydrodynamic finiteelement model) and a finite-element model (MITgcm, Massachusetts Institute of Technology general circulation model, Sannino et al., 2014) to simulate coastal processes in the northern Adriatic Sea. The study focused on the northern Adriatic Sea during a severe event that occurred at the beginning of 2012, and gave the opportunity to understand how these events (related to dense water formation) may affect coastal processes, like upwelling and downwelling, and how they interact with estuarine dynamics. Both models capture the dense water event, though each displays biases in different regions, showing large differences in the reproduction of surface patterns and highlighting the relevance of identifying suitable bulk formulas for the correct simulation of the thermohaline structure of the coastal zone. McKiver et al. (2016, this special issue) highlight that, while a coarser resolution offshore is acceptable for the reproduction of the dense water event (during which the non-hydrostatic processes were found to have little importance), a finer horizontal resolution in the coastal zone is important to reproduce the effect of the complex coastal morphology on the hydrodynamics.
Planning the coastal maritime space
Sea regions close to the continental shelf are also those from which it could be feasible to extract renewable energy with the highest efficiency and lowest cost (Cruz, 2008) . Iuppa et al. (2015, this special issue) discuss potential sites around the island of Sicily for energy extraction from surface gravity waves, with the aim of selecting possible sites for the implementation of wave energy converters (WECs). A thirdgeneration wave model was adopted to reconstruct the wave data along the coast over a period of 14 years, which allowed the characterization of the most productive areas on the western side of the island and in the Strait of Sicily (i.e., relatively high wave energy and proximity to the coast), which makes them possible sites for the implementation of WEC farms.
Coastal lagoons represent peculiar and fragile situations that can often be in direct contact with coastal and shelf processes. Umgiesser et al. (2016, this special issue) explore the variability of water renewal due to heavy river discharges in the very shallow Curonian Lagoon, connected by a very narrow strait to the Baltic Sea. The lagoon is simulated, using a finite-element hydrodynamic model, to reproduce the circulation patterns for 10 years, focusing on the salinity distribution and the renewal times of the system when forced by river runoff, wind, and Baltic Sea sea-level fluctuations. Results demonstrated how the river discharge within the lagoon was the most important factor triggering the water renewal time.
As stressed above, numerical models are extremely useful for integrating the paucity of marine data available in order to better disentangle different dynamical contributions and provide a synoptic picture of the oceanographic shelf processes (Warner et al., 2010) . A careful blending of observations and model data makes it possible to conceive of functional tools to control, for instance, the horizontal spreading of small organisms or substance concentrations, thus being relevant for marine biology and pollutant dispersion as well as oil 498 S. Carniel et al.: Preface spill applications. In this special issue, Lanotte et al. (2016) study the role of vertical shear on oceanic horizontal dispersion of passive tracer particles on the continental shelf in the southern Mediterranean, by means of observation and model data. In situ current measurements reveal that vertical gradients of horizontal velocities in the upper mixed layer decorrelate quite fast ( ∼ 1 day), whereas an eddy-permitting ocean model, such as the Mediterranean Forecasting System, tends to overestimate such decorrelation times (possibly due to unresolved scale motions and mesoscale motions that are largely smoothed out at scales close to the grid spacing).
The need for a coupled approach
Although the different processes characterizing the shelf regions are intrinsically connected, in order to simplify the numerical approach, historically these different components (e.g., atmosphere, ocean, wave, sediment, biology etc.) have been modeled separately (Mihanovic et al., 2013) . However, mostly thanks to increases in the understanding of mutual feedbacks and advances in computer power, this reductionist approach can be now overcome. Licer et al. (2016, this special issue) describe work dealing with a one-way and twoway coupled ocean-atmosphere system during an intense Bora event in the northern Adriatic. Comparing modeled atmosphere-ocean fluxes and sea temperatures from both model setups to platform and CTD measurements from three locations in the northern Adriatic, Licer et al. (2016, this special issue) found that, using two-way coupling, ocean temperatures exhibit a root mean square error (RMSE) 4 times lower than those from a one-way coupled system. Sensible heat fluxes were also improved in the coupled approach, at all stations, while coupled and uncoupled circulations in the northern Adriatic (being predominantly wind-driven) did not show significant mesoscale differences.
There are, of course, several other interesting aspects that should be encompassed when dealing with coupled numerical models (Carniel et al., 2016b) . In this special issue, Olita et al. (2015) study the impact of current speeds on the parameterization of surface fluxes and their feedback on regionalscale ocean dynamics. The computations of heat and momentum fluxes in uncoupled models generally happen through standard (Fairall et al., 2003) bulk formulas, where the wind speeds do not take account of their relative effects with respect to the ocean currents. From the results obtained from twin numerical experiments around the island of Sardinia (western Mediterranean), Olita et al. (2015, this special issue) demonstrated that, even at local scales and in temperate regions, it would be preferable to take into account such a contribution in flux computations. The modification of the original code, substantially cost-free in terms of numerical computation, improves the model response in terms of surface fluxes (SST validated) and it also likely improves the dynamics, as suggested by qualitative comparison with satellite data.
Complementing numerical model results, Grifoll et al. (2016, this special issue) used a set of observations to investigate the inner-shelf response due to the storm passage in the inner-shelf of the NW Mediterranean Sea. The twopeak storm induced an interesting evolution in the momentum balance terms: the appearance of fluctuations with both super-inertial (12-16 h) and sub-inertial (1-2 days) periods. In contrast to the first peak of the storm, during the second one the temporal sequence of increased acceleration reoccurred, but with the along-shelf flow largely influenced by the sub-inertial (likely topographic) waves. The work encompassed water-current observation analysis and the application of theoretical models to describe the shelf wave propagation and the shelf response to the wind.
Although risks associated with climate change may indeed change the frequency and nature of storms in the Mediterranean Sea (Lionello et al., 2012) , shelf regions are also prone to other risks, such as coastal inundation related to tsunami generation and propagation. Samaras et al. (2015, this special issue) presented an advanced tsunamigeneration, propagation and coastal inundation 2-D (horizontal) model based on the higher-order Boussinesq equations, applied to simulate representative earthquake-induced tsunami scenarios in the eastern Mediterranean. Two areas of interest were selected after evaluating tsunamigenic zones and possible sources in the region: one at the southwest of the island of Crete in Greece and one at the east of the island of Sicily in Italy. Model results are presented in the form of extreme water elevation maps, sequences of snapshots of water elevation during the propagation of the tsunamis, and inundation maps of the studied low-lying coastal areas. This work marks one of the first successful applications of a fully nonlinear model for the 2-D horizontal simulation of tsunamiinduced coastal inundation; acquired results are indicative of the model's capabilities, also showing how areas in the eastern Mediterranean would be affected by potential larger events.
Detecting a changing sea
Characterizing the meteo-oceanographic climate in coastal regions is a fundamental step in being able to distinguish between natural and human-related fluctuations and to detect extreme events (Rockel et al., 2007) . When analyzing longterm series, a number of statistical approaches can be evaluated. In this special issue, Barbariol et al. (2016) presented wave extreme characterization for the wave climate at the "Acqua Alta" oceanographic tower (northern Adriatic Sea, Italy), during the period 1979-2008, using self-organizing maps (SOMs, Liu et al., 2006 ). An application of the proposed two-step approach demonstrated that a proper representation of the extreme wave climate leads to enhanced quantification of, for instance, the alongshore component of the wave energy flux in shallow water. Focusing also on the peaks of the storms, Barbariol et al. showed how practical oceanographic and engineering applications can benefit from the novel SOM processing strategies developed. Besides improving the statistical analysis of long-term wave series, in recent years increasing attention has been devoted to wave reanalysis as a powerful source of information for wave climate research and engineering applications. However, the problem remains that, in coastal areas or shallow water, waves are poorly described due to a lack of spatial resolution, and wave downscaling procedures are needed; there is also a need for higher-resolution wind fields (e.g., Rockel et al., 2007; O'Neil et al., 2017) . Gutierrez et al. (2016, this special issue) demonstrated the feasibility of the use of wind fields detected with synthetic aperture radar (SAR) for the wave climate downscaling of the northern Adriatic Sea, by using a hybrid methodology and global wave and wind reanalysis as forcing. The wave fields produced were compared to wave fields produced with SAR winds that represent the two dominant wind regimes in the area: the Bora (east-northeast direction) and Sirocco (southeast direction). Although differences existed between SAR and modeled wind fields, a good correlation was found for the downscaled waves forced with different wind products. Overall this work showed how Earth observation products, such as SAR wind fields, can be successfully taken up into oceanographic modeling, producing similar downscaled wave fields when compared to waves forced with reanalysis wind.
The relevance of long-term data acquired at sea, also from the biological perspective, was confirmed by Kraus et al. (2016, this special issue) , who explored the factors favoring phytoplankton blooms in the northern Adriatic Sea analyzing an oceanographic data set derived from monthly oceanographic cruises covering the 1990-2004 period. Kraus et al. (2016) found that while in winter and early spring the phytoplankton abundances depended on circulation fields, in summer and autumn they were related to Po River discharge rates up to 15 days earlier and on concomitant circulation fields. On the other hand, late spring phytoplankton abundances increased 1-3 days after high Po River discharge rates regardless of the circulation fields. These findings create the basis for the construction of an empirical ecological model of the northern Adriatic, which can ultimately be used in the sustainable economy of the region, as well as for validation of a numerical ecological model which is currently being developed for the region.
Towards integrated ocean observing systems
Last but not least, in order to converge towards an integrated ocean observing system capable of providing useful information and contributing to effective management and planning activities, all data collected in our shelf regions should be brought in contact and integrated with existing numerical models (Williams et al., 2011) . In this special issue volume, Bonamano et al. (2016) presented a multiplatform observing network in the coastal marine area of Civitavecchia (Latium, Italy), integrated with numerical models, to analyze coastal processes at high spatial and temporal resolution. The in situ data acquired at long-term fixed stations and during dedicated surveys are integrated with satellite observations (e.g., temperature, chlorophyll a, and TSM), and then used to feed and validate numerical models to describe the dynamics of pollutant dispersion under different conditions. Such integrated ocean observatory systems turn out to be very useful during the activity of marine planning and management (e.g., bathing water quality assessment, evaluation of the effects of the dredged activities on Posidonia meadows) and are a practical tool to improve the conflict resolution between anthropic and conservation uses in coastal sensitive areas. They should become more and more commonly used involving transnational actors in order to reach an integrated system capable of connecting national efforts.
In recent years it appeared more and more clear how, in order to be really effective, the increasing amount of collected data (either from single point or remotely) and model output currently available need to be quickly accessed and distributed among the scientific community (see Bergamasco et al., 2012) . Signell and Camossi (2016, this special issue) present a solution that allows even small research groups to provide meteorological and ocean model data through standardized web services and tools. A simple, local brokering approach was presented that lets modelers continue producing custom data, but virtually aggregates and standardizes the data using NetCDF Markup Language. The THREDDS Data Server is used for data delivery, pycsw for data search, NCTOOLBOX (MATLAB ® ) and Iris (Python) for data access, and Ocean Geospatial Consortium Web Map Service for data preview. Such an approach dramatically improves the effectiveness of data distribution and sharing in research communities with limited IT resources, (i) making it simple for providers to enable web service access to existing output files; (ii) using technology that is free, and that is easy to deploy and configure; and (iii) providing tools to communicate with web services that work in existing research environments.
We therefore hope that Ocean Science readers will then find much of the material in this special issue of interest, paradigmatic of processes that can be analyzed in other geographical contexts with respect to those presented, and a point of reference for cutting-edge ideas in theory, numerical models, and observations.
